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Plant genomes, like those of other higher eukaryotes, consist of repetitive DNA sequences intermixed with genes (1-4), but neither the nature of these repetitive sequences nor the basis of their interspersion has been well defined. In general, larger eukaryotic genomes have higher percentages of repetitive DNAs. The maize nuclear genome, for instance, contains about 60 to 80% repetitive DNA (1) .
In a contiguous 280-kb region flanking the maize Adhl-F gene, isolated on a yeast artificial chromosome (YAC) (4), 37 classes of repeats accounted for >60% of the DNA. Blocks containing different mixtures of these repeats make up most of the maize genome, range in size from 20 to 200 kb, and are hypermethylated in mature plant tissues (3). Fragment order, size, and composition in this region was further resolved (4, 5) (Fig. 1) . Groups of repeats were observed more than once within the region. For instance, the L repeat was often found on nearby fragments (12 and 15, 41 and 45, 57 and 61, and 113 and 119; Fig. 1 ). Repeats M, N, 0, and P were only found between two L repeats. Similarly, the Q, R, and S repeats were between pairs of I/J repeats, whereas repeat C was found between H repeats (Fig. 1) . These patterns suggested that repeat pairs may be long terminal repeats (LTRs) and that the sequences between them may encode retroelement products (6) .
We undertook diagnostic DNA sequencing of the presumptive LTRs of each of these proposed retrotransposons, and completely sequenced one element. In every case, the model was supported by the data. The complete element sequenced, which we named Opie-2, is 8987 base pairs (bp) with a 1271-bp 5' LTR and a 1292-bp 3' LTR. The LTRs correspond to the L repeat (Fig. 2) .
Further sequencing uncovered three other families of LTR-retrotransposons: Huck (containing LTRs with the H repeat), Kake (containing the internal KK repeat), and Fourf (containing LTRs with the FF repeat) (Fig. 3) . Three other novel retrotransposons were found by chance: Milt, Reina, and Victim (Fig. 3) . We also identified three highly repetitive retroelements similar to those found in previous studies. Ji (with J/I LTRs) is related to retrotransposon PREM-2 (7); Grande-zml is homologous to Grande from Zea diploperennis (GenBank accession number X82087); and Cinful is homologous both to the defective retrotransposon Zeon-1 (8) (Table  1 ). In 10 of the 12 cases examined, a PBS with homology to the 3' end of a tRNA was intact and appropriately positioned ( Table  1) . Of the two exceptions, Kake-1 appears to be a defective element. In Fourf, the presumptive PBS exhibits a 13/13-bp match to a sequence in its LTR, which suggests that Fourf self-primes its reverse transcription (11). Ten of the 20 elements were inserted within another element (Fig. 3) , and five of these were inserted within LTRs. Fifteen of the 20 elements were in the same orientation, such that their transcription would be in the opposite direction from Adhl-F and u22 (12) (Fig. 3) .
Previous studies of repetitive DNAs, cloned because of their location near genes (3) or at the ends of maize YACs (13), indicated that >85% of these random repeats were homologous to repeats near Adhl -F (4). These results suggest that the Adhl -F region is representative of the full maize genome. Further analysis of these data indicated that an Opie element is 5' to the Adh2-N locus and that Ji elements are 3' to the Shl gene cloned in pZmShl and 5' to the 19-kD zein gene cluster on lambda clone ZG19.31 (3, 10).
All four of the highly repetitive DNAs previously used to fingerprint maize YACs (10) . Because the five middle repetitive DNAs that we sequenced in this region all were found to be LTR-retrotransposons (Foturf, Kake-1, Kake-2, Milt, and Victim), we expect that the >50 kb of tinexamined middle repetitive DNA surrounding Adhl-F contains additional LTR-retrotransposons, and that there are thousands of other families of these low-copy-number elements in maize. These observations indicate that the highly repetitive, middlerepetitive, and low-copy-number retroelements between genes combine to make up at least 50% of the maize genome. The sulfhydryl groups in the double cysteine mutants were derivatized with a methanethiosulfonate spin label (Fig. 2) (I1) . The double cysteine mutants so derivatized were designated as 139R1-248R1 through 139R1-252R1.
Static magnetic dipolar interactions between two nitroxide labels in an unoriented sample lead to spectral line broadening, and thus a decrease in signal intensity, for separations less than about 25 A. Electron para- 
